INTRODUCTION
With reported rates between 6.5 and 45% in the literature [1] [2] [3] [4] , hypothyroidism following lobectomy or hemi-thyroidectomy (if additional isthmectomy was performed) remains an inevitable sequelae. In the past, it was common practice to prescribe suppressive dosage of levothyroxine after thyroid lobectomy. However, its effect on preventing the formation of nodules in the remaining thyroid and its adverse effects, such as atrial fibrillation and bone calcium loss, remain unclear and render clinicians reluctant to encourage patients to take daily thyroid replacement.
Many studies have attempted to identify the risk factors for post-lobectomy hypothyroidism, and to reduce postoperative thyroid hormone replacement. Many risk factors have been suggested, including age [5] , high serum thyrotropin (TSH) levels [4] [5] [6] , lower free T4 levels [7] , and the presence of thyroid antibodies [4] preoperatively. In contrast, we can see the results of thyroiditis [2, 4] , residual thyroid volume [8] , thyroiditis [4] , multinodular goiter [6] , and small thyroid remnant after thyroid lobectomy after surgery [2, 6] . There exist only one report on a preoperative predictive study of hypothyroidism. Tomoda et al. [5] suggested a predictive scoring system based on preoperative TSH levels and age. No other study predicted post lobectomy hypothyroidism preoperatively.
Thyroiditis is the end result of inflammatory process by thyroid antigens and its antibodies [9] , and subclinical thyroiditis is predictable through anti-thyroglobulin (ATA) and anti-microsomal antibody (AMA) preoperatively [10] . The objectives of this study were to determine the incidence, risk factors, and ability to predict hypothyroidism preoperatively by using TSH, thyroglobulin (TG), ATA, and AMA.
METHODS
This was a retrospective study that included consecutive patients who underwent thyroid lobectomy due to [11] , and scoring was performed by pathologists who were blind to the laboratory data and operative findings.
Patients were divided into two groups: hypothyroid (n = 97) and euthyroid (n = 26) state after thyroid lobectomy for benign conditions. The parameters discussed above were compared. We used the t-test to compare continuous variables between each group and the chi-square test for thesurgery.or.kr 
RESULTS

Patient demographics and pathologic results
Of the 123 patients, 26 (21.1%) developed hypo- Table 1) .
Preoperative TSH, TG, ATA, and AMA
We assumed high normal preoperative TSH levels and subclinical thyroiditis to be factors for post-lobectomy hypothyroidism, as is in other studies [2, 4] . The proportion Positive ＞ 120 IU/mL. c)
Positive ＞ 35 U/mL. of post-lobectomy hypothyroidism was higher normal side (TSH 2.0 to 5.9 mIU/mL) distributed and statistically significant (P ＜ 0.001) in preoperative TSH levels. The cut-off value of preoperative TSH was 2.0 mIU/L, and the area under curve was 0.841, 95% confidence interval (CI):
(0.76 to 0.92) ( Table 2 ). As thyroid lobectomy reduces functioning thyroid tissue, patients whose thyroid glands were at the limit of their capacity preoperatively, as indicated by elevated TSH, are likely to deteriorate. Therefore, a "normal" preoperative TSH encompasses a wide range of thyroid status [4] .
Thyroiditis is the end result of an inflammatory process caused by thyroid antigens and its antibodies [9] and subclinical thyroiditis is predictable through ATA and AMA [10] . Although the presence of histologic thyroiditis in the resected specimens was not significant in post-lobectomy hypothyroidism patients (P = 0.063), we reviewed preoperative TG, ATA, and AMA in all patients. Their quantitative titers were not significant, and positivity was defined as follows: TG ＞ 60 ng/mL, ATA ＞ 120 IU/mL, and AMA above 35 U/mL. Categorical analysis of two or more positivity of these three markers -serologic thyroiditiswas significantly higher in hypothyroid than euthyroid patients (28.6% vs. 3.9%, P = 0.024) ( Table 2 ).
Predictors of post lobectomy hypothyroidism
The relationship between post-lobectomy hypothyroidism and several clinicopathologic factors among the 123 patients were analyzed through multivariate analysis.
The incidence of post-lobectomy hypothyroidism is significantly higher in those with higher preoperative TSH be- dictive value (Table 4) . It should be emphasized that these factors can be clearly identified preoperatively.
Time course of hypothyroidism after thyroid lobectomy
In the past, we recommended routine TSH monitoring at 3, 6, and one year after surgery, then once or twice a year thereafter. Most new onset hypothyroidism is observed in routine screening at 3, 6 months and 1 year after surgery, and 72% of patients were diagnosed by one year and 96%
by two years. However, 29% of patients (10% at 3 months, 5% at 9 months, and 14% at 18 months) experienced overt clinical hypothyroidism, and all these patients had high normal TSH and two or more positivity on TG, ATA, and AMA ( Fig. 1) .
DISCUSSION
Many studies have attempted to evaluate the incidence and risk factors for hypothyroidism following thyroid lobectomy and hemi-thyroidectomy. Many studies have reported an incidence between 10.9 and 36.3% [1] [2] [3] [4] [12] [13] [14] [15] .
Various risk factors, such as age, high TSH levels, lower free T4 levels, presence of thyroid antibodies, and histologic thyroiditis have been reported. If pre-surgical predictive factors can be identified, patients' thyroid status will be optimally managed after surgery. However, there exists only one report on a preoperative predictive study.
Tomoda et al. [5] suggested a predictive scoring system by using preoperative TSH levels and age. Other studies did not predicted hypothyroidism after thyroid lobectomy before surgery.
A prevalence of 21.1% of post-lobectomy hypothyroidism is comparable to that of previous studies [4, 5, 8] , and high normal preoperative TSH levels between 2.0 and 5.9 mIU/L and two or more positivity on TG, ATA and AMA clearly increased the risk of hypothyroidism after thyroid lobectomy. Many studies reported that hypothyroid patients after lobectomy have higher preoperative TSH when compared with euthyroid patients [6, 12] . A preoperative TSH levels were lower side distribution in euthyroid group, and evenly and slightly higher side distributed in hypothyroid group. The cut-off value was 2.0 mIU/L, with 66.6% sensitivity and 75.0% specificity, with area under curve was 0.841, 95% CI: 0.758 to 0.923 for the prediction of post-lobectomy hypothyroidism (Table 2 ).
In contrast to previous studies, age, sex, isthmusectomy, laterality of lobectomy and histologic thyroiditis were not significant factors for post-lobectomy hypothyroidism. In histologic thyroiditis, circulating auto-antibodies were initially thought to be the cause of the inflammatory process, but thyroiditis do not necessarily correlate with the level of circulating antibodies [9] . It appears as an end result of serologic thyroiditis -increased inflammatory process by circulating antibodies -and predictable by TG, ATA, and AMA [10] . It was significant at 67% sensitivity and 83% specificity to predict post-lobectomy hypothyroidism through TG, ATA, and AMA in our study. In contrast to histologic thyroiditis [2, 4, 15] , we are able to obtain the results of serologic thyroiditis before surgery. This study is limited by its retrospective nature and asymptomatic subclinical hypothyroid patients -normal T3 and free T4 levels but 6 mIU/L or higher TSH levelswas defined as hypothyroid and required thyroid replacement therapy. To support this, there was significant rise in postoperative TSH that peaked at 1 to 2 months. TSH levels in patients not treated with levothyroxine was the lowest at 3 months and increased subsequently [5] . Also, some patients with asymptomatic subclinical hypothyroidism were delayed for thyroid replacement. Tracking thyroid function tests were performed after 1 month but all experienced clinical hypothyroidism.
In conclusion, patients who undergo thyroid lobectomy should be counseled for thyroid replacement therapy [4, 5, 8] . This is significantly higher than those who have high normal preoperative TSH levels and who have two or more positivity on TG, ATA, and AMA. And these were independent predictive factors of hypothyroidism after thyroid lobectomy. The combined positivity of them had 100% positive predictive value and 80.8% negative predictive value. We recommend patient to evaluate their thyroid function at 3 and 6 months, and 1 year after surgery for low risk patients. Additional TSH monitoring at 1, 9, and 18 months should be performed for high-risk patients.
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